Moreover, prevalence of pathogens considered as colonisers dramatically fell from 23.1% to 5.8% of all isolates (p<0.001). In parallel, implementation of guidelines was associated with a saving of €14,914 (US $20,046) related to a reduced microbiology laboratory workload and €109,305 (US$147,536) due to reduced prescription of extended-spectrum antibiotic agents. Conclusions/interpretation Implementation of guidelines for obtaining specimens for culture from patients with DFI is cost-saving and provides interesting quality indicators in the global management of DFI.
Introduction
Diagnosis and treatment of infected diabetic foot ulcers (DFU) remain problematic. As emphasised in recently published guidelines, diabetic foot infection (DFI) should be diagnosed on clinical arguments, but the cardinal manifestations of inflammation may be mitigated by diabetic complications, particularly neuropathy and ischaemia [1] [2] [3] . On the other hand, wound cultures may suggest, but do not prove, the presence of infection, as all open chronic wounds are covered by colonising flora. Appropriate antibiotic treatment requires antibiotic susceptibility testing to be performed on cultures from the wound, but the accuracy of bacteriological results depends, critically, not only on obtaining appropriate specimens but also on collecting them from the appropriate (clinically infected) patients. Unless strict criteria are implemented for diagnosis of DFI, overestimation of DFI may be of major concern, leading to misuse of antimicrobial agents with potential adverse effects and possible development of antibiotic resistance, as well as wasting money.
In 2003, a multidisciplinary group working on the diabetic foot (GP30) was set up in our University hospital, including specialists in diabetology, bacteriology, infectious diseases, vascular and orthopaedic surgery, imaging medicine and rehabilitation. One of the objectives of this group was to develop guidelines on how to diagnose and treat DFI.
The aim of the present study was to assess the effects of these guidelines on the microbiology and healthcare costs of DFU.
Methods
Guidelines for DFI Following an internal audit in 2003, all specialists at our University hospital involved in the management of the diabetic foot attended regular multidisciplinary meetings in order to write guidelines for diagnosing and treating DFI. Our aim was to provide procedures to improve the selection of patients from whom cultures should be obtained and the techniques of collecting cultures, and to avoid contamination by the commensal flora that colonise the skin. These guidelines were based on the International Consensus on the Diabetic Foot and Practical Guidelines on the Management and the Prevention of the Diabetic Foot published in 1999 by the International Working Group on the Diabetic Foot [4] , local practices and expert opinions. Briefly, the main points of our guidelines were as follows. (1) DFI must be diagnosed according to clinical signs and symptoms, and must always be confirmed and classified by an expert in the field (J.-L. Richard, N. Jourdan, S. Schuldiner).
(2) Bacteriological sampling is only indicated if DFI is clinically confirmed, corresponding to a grade 2-4 infection using the International Consensus grading system [2] . (3) Before sampling, the wound must be mechanically debrided and cleansed using gauze soaked in sterile physiological saline. (4) Samples must be obtained by scraping or curetting the wound base, by aspirating purulent secretion using a needle, or by tissue biopsy. Superficial swabbing of the wound was discouraged, but swabbing the base of the ulcer ('deep swab technique') was allowed if it was the only possible option. For osteomyelitis, performing a bone biopsy by surgery, or percutaneously through healthy skin, was recommended [3] . (5) Sampling may be repeated only if the outcome is unfavourable. (6) Samples must be sent to the microbiology laboratory as rapidly as possible. (7) Only clinically infected DFU warrants antibiotic therapy [1-3, 5, 6] . All these guidelines have been widely circulated to all the staff of the departments involved in managing DFI. Effective communication between clinicians and bacteriology department staff was emphasised, as was a rapid processing of samples. Moreover, a specialist in infectious diseases was readily available to discuss antibiotic regimens for difficult-to-treat DFI.
Patients This study was approved by the responsible ethics committee (South Mediterranean III) and was carried out in accordance with the Declaration of Helsinki as revised in 2000. All patients gave informed consent for participation in the study. From 1 January 2003 to 31 December 2007, all diabetic patients managed in the two diabetology departments of our University hospital with a suspected newly presenting episode of DFI were included in the study, provided at least one sample was taken for culture. Every wound was assessed for severity of infection by a trained diabetologist (J.-L. Richard, N. Jourdan, S. Schuldiner). Osteomyelitis was diagnosed by a positive probe-to-bone test and/or suggestive results of imaging studies (radionuclide scans or magnetic resonance imaging) [7] . The International Working Group on Diabetic Foot (IWGDF) criteria for diagnosing osteomyelitis [8] were not used as they were not available at the time of the study.
Microbiological methods
The Vitek 2 automated system (BioMérieux, Marcy l'Etoile, France) was used for biochemical identification of pathogens and for antibiotic susceptibility testing [9] . Strains were classified as antibiotic sensitive, intermediately resistant, or resistant, according to the recommendations of the Antibiotic Committee of the French Society for Microbiology [10] . Multidrugresistant organisms (MDRO) included methicillin-resistant Staphylococcus aureus (MRSA), extended-spectrum cephalosporin (ESC)-resistant Enterobacteriaceae, Pseudomonas aeruginosa resistant to two antibiotics among piperacillin, ciprofloxacin, ceftazidime and imipenem, Enterococcus sp. resistant to glycopeptides, Acinetobacter baumannii resistant to ceftazidime, and Stenotrophomonas maltophilia [10] . Low-virulence bacteria included such well-described commensal flora as coagulase-negative Staphylococcus, Corynebacterium sp. and Propionibacte-rium sp., together with Enterococcus sp., Stenotrophomonas maltophilia, and Pseudomonas sp., whose virulence in DFIs remains a matter of debate.
Statistical and economic analysis All statistical analyses were carried out using the SAS/ETS statistical package, version 9.1 (SAS Institute Inc., Cary, NC, USA). Yearly number of specimens, number of bacteria species per sample, distribution by bacterial species and MDRO prevalence were compared throughout the study period using Fisher's exact test and χ 2 test. Results were considered significant at p<0.05. For the healthcare economics analysis, the cost of microbiological cultures and the cost of the drugs (vancomycin and imipenem) prescribed by the medical doctors of the department were analysed. The cost for one bacteriological analysis of a diabetic foot sample was set at €31.81, according to the French General Nomenclature of Professional Acts (including inoculation of culture media, identification of pathogens, and antibiotic susceptibility testing) [11] . The prescription costs for the extended-spectrum antimicrobial agents were obtained from the hospital pharmacy. We used the fee negotiated by the hospital pharmacy. The daily cost of vancomycin (for treatment of MRSA) and imipenem (for treatment of ESC-resistant Enterobacteriaceae) was €5.68 and €52.24, respectively. Consumption of antibiotics during the study period was obtained from the hospital pharmacy database, and was expressed as defined daily doses (DDD) in grams per 1,000 patient-days [12] . The total cost to the hospital was assessed for each year. The mean cost per patient is also presented. The reduction in costs for each year was determined as the difference between the costs for that year and the costs for 2003. As the data obtained were aggregated, no statistical test was performed. The distribution of bacteria isolated from bone biopsy was similar to that from other samples, with a predominance (60%) of Gram-positive aerobic bacteria. S. aureus was the most frequently isolated bacterium (25.3%), and coagulase-negative Staphylococci were the second most frequently cultured organisms, comprising 22.9% of all strains. Enterobacteriaceae and P. aeruginosa Effect on microbiology laboratory and drug costs The number of samples decreased yearly, not only because the number of patients sampled decreased but also because the mean number of samples per patient decreased, leading to a decreasing mean cost per patient (Table 3) Values are median and interquartile ranges (25th to 75th percentile) or numbers and percentages a Grade 1 or 2 (see text for comments). For nephropathy, we used ADA criteria [29] : microalbuminuria and macroalbuminuria were defined by urinary albumin excretion between 30 and 299 mg/24 h and in excess of 300 mg/24 h, respectively; renal failure was diagnosed if creatinine clearance was lower than 60 ml/min, using Cockroft and Gault formula b Note that the total percentages per year are greater than 100% because more than one sampling technique was allowed in a single patient decreased ( Commensal bacteria included organisms such as coagulase-negative Staphylococcus, corynebacteria and Propionibacterium sp.
Results

Microbiological results
Low-virulence bacteria included coagulase-negative Staphylococcus, Enterococcus sp., Stenotrophomonas maltophilia, Pseudomonas sp., Corynebacterium sp. and Propionibacterium sp. 
Discussion
Infection is a common and costly complication of foot ulcers in diabetic individuals and represents a major cause of morbidity and mortality [13] . The results of this study highlighted for the first time the beneficial effect of implementing guidelines on DFI in terms of microbiology and health economics. In 2003, an internal audit on patients referred in our department for suspected DFI showed that too many samples were being taken, with frequent polymicrobial cultures and a high rate of commensal bacteria, making management of these wounds difficult. Moreover, prevalence of MDRO (especially S. aureus) was high. These results suggested that clinically non-infected ulcers were possibly being sampled, the quality of sampling techniques was far from optimal, and several steps in the pre-analytical stage were problematic. Following this, our local multidisciplinary group established guidelines on DFI based on IWGDF and IDSA recommendations [2, 4] , as previously mentioned. From 2004 onwards, audits were conducted yearly to analyse trends in microbiological data.
Overall, our bacteriological results were in accordance with other studies showing that S. aureus is the most frequently isolated microorganism from infected DFU, with a rather high prevalence rate of MDRO [14, 15] . However, our study clearly showed that implementation of guidelines was associated with a decrease in number of samples, possibly due to optimal selection of patients suffering from DFI, as from 2004 onwards all cases of DFI were clinically diagnosed by an expert. This is supported by the fact that the number of patients with suspected DFI did not change significantly during the study period (data not shown). The decrease in number of samples per patient is probably related to a decrease in repeated sampling in any given patient, as indicated in the guidelines. The main results of this study were the quantitative and qualitative microbiological changes we recorded after implementation of the guidelines: the decrease in number of pathogens per sample, from 4.1 to 1.9, was striking; in parallel, the recovery rate of Gram-negative bacilli decreased steadily, mirroring the increased rate of Gram-positive cocci. Moreover, the prevalence rate of MDRO dramatically and steadily decreased, halving from 2003 to 2007; the most important decrease was for MRSA, whose prevalence was reduced almost threefold. The prevalence rate of bacteria considered as low-virulence pathogens or commensal flora was halved, from 40.1 to 16.4%. These changes are probably related to better sampling methods, as, according to the guidelines, we progressively modified our sampling technique, using deep tissue sampling instead of superficial swabbing (obtained by rolling a cotton swab across the surface of the wound). If the best sampling technique remains a matter of debate, most, though not all, experts [7, 16, 17] favour deep tissue specimens over superficial swabs, and these methods are recommended in many guidelines [1] [2] [3] [4] 18] . Moreover changing our sampling technique probably contributed to the removal of colonising bacteria, notably MDRO, that we noticed in this study. As previously shown, these colonising S. aureus strains (especially MRSA) have a rather low virulence potential [19] and no significant impact on wound healing [20] . While we modified our sampling techniques, used adapted anaerobic transport tubes, promoted a rapid transport of samples and set up a more appropriate technique for bacterial isolation, the recovery rate of anaerobes remained low compared with the percentage usually reported in the literature [16] . This could be explained by the fact that the majority of our patients suffered from grade 2 DFI and by a particular microbiological profile in our diabetic foot clinic. As the prevalence of MRSA in DFI is reported to be emerging as a serious problem [15, 21] , our results are rather encouraging. Nevertheless, we cannot attribute those changes only to the implementation of guidelines. Indeed, the French National Observatory for Epidemiology of Bacterial Resistance to Antimicrobials and the European Antimicrobial Resistance Surveillance System reported a decrease in the prevalence of MRSA in France [22, 23] , and MRSA strains responsible for bacteraemia decreased from 33% in 2001 to 26% in 2007. This trend could be explained by a change in the major epidemic clone of MRSA detected in French hospitals (replacing the Iberic clone with the pandemic clone V) [24, 25] . Moreover, we cannot exclude a possible effect of national campaigns promoted by the French health authorities on a more sound use of antibiotic agents (1999) and on the usefulness of hydro-alcoholic solution for handwashing (2001) (2002) [26] , as these measures have been associated with a reduction in MRSA development and transmission [27, 28] .
From the point of view of health economics, the cost saving for our hospital was estimated to be at least €110,000 (∼US$150,000), mainly due to decreased prescription of extended-spectrum antibiotics (in line with a decrease in DDD for those antibiotics) as a consequence of the reduction in MDRO prevalence. The discrepancy between the dramatic decrease in MRSA and the less marked decrease in DDD for vancomycin is best explained by our high suspicion of MRSA-related infections: empirical therapy using vancomycin was frequently started before the results of culture and sensitivity testing were known, particularly for Grade 4 DFI. Our cost-saving evaluation remained a conservative figure, as it was not possible to estimate the amount of money saved by avoiding the use of antibiotic agents in uninfected ulcers.
A main limitation of our study was the difficulty of assessing the specific impact of modifying our sampling techniques on patients' outcome, because after 2004 not only those techniques, but also the whole management of patients suffering from DFU, were changed. Our diabetic foot clinic was radically reorganised, promoting a multidisciplinary strategy by a team made up of trained diabetologists, microbiologists and specialists in infectious diseases, radiologists, orthopaedic and vascular surgeons, physiotherapists, podiatrists and dedicated nurses, with regular meetings and readily available advice. Thus our improved microbiological data must be interpreted as a quality indicator in the global management of DFI. The decrease in amputation rate was also an indirect marker of the beneficial impact of the multidisciplinary approach and the efficacy of the guidelines.
In conclusion, this study demonstrated that implementation of evidence-based guidelines on DFI enabled us to reduce the number of pathogens per sample, and especially the prevalence of both MDRO and commensal flora, leading to an important saving of money for our hospital. A consensus involving all health professionals involved in diabetic foot problems, and an effective cooperation between them, are central for success.
